Abstract An alpha-zein promoter isolated from maize containing P-box, E motif sequence TGTAAAGT, opaque-2 box and TATA box was studied for its tissuespecific expression in rice. A 1,098 bp promoter region of alpha-zein gene, fused to the upstream of gusA reporter gene was used for transforming rice immature embryos (ASD 16 or IR 64) via the particle bombardmentmediated method. PCR analysis of putative transformants demonstrated the presence of transgenes (the zein promoter, gusA and hpt). Nineteen out of 37 and two out of five events generated from ASD 16 and IR 64 were found to be GUS-positive. A histological staining analysis performed on sections of mature T 1 seeds revealed that the GUS expression was limited to the endosperm and not to the pericarp or the endothelial region. GUS expression was observed only in the following seed development stages : milky (14-15 DAF), soft dough (17-18 DAF), hard dough (20-23 DAF), and mature stages (28-30 DAF) of zein-gusA transformed (T 0 ) plants. On the contrary a constitutive expression of GUS was evident in CaMV35S-gusA plants. PCR and Southern blotting analyses on T 1 plants demonstrated a stable integration and inheritance of transgene in the subsequent T 1 generation. GUS assay on T 2 seeds revealed that the expression of gusA gene driven by alphazein promoter was stable and tissue-specific over two generations. Results suggest that this alpha-zein promoter could serve as an alternative promoter to drive endosperm-specific expression of transgenes in rice and other cereal transformation experiments.
Introduction
Grains of poaceae grasses (viz., rice, wheat, maize and millets) are used as staple foods across the world. Qualitative and quantitative enhancement of these grains appears to be a major breeding objective of crop improvement world-wide and such an enhancement can be achieved using genetic engineering with ease as compared to traditional crop breeding methods. In general, a genetic enhancement employs transgene(s) which is/are over-expressed using a constitutive promoter(s) with a view to impart desired traits in transgenic plants. In cereals crops, constitutive promoters such as actin (McElroy et al. 1990 ), CaMV35S (Cauliflower mosaic virus 35S; Odell et al. 1985) or maize ubiquitin (Christensen et al. 1992 ) are routinely used more as a means to check if the target gene products are expressed throughout the plant system in a routine manner. However, a constitutive expression of transgenes uniformly in most parts in a host plant may not always be required, and a tissue-specific expression would more likely to save the host plant from an imminent and often a huge yield penalty consequent to a mass diversion of the precious resources native to the host plant towards expressing a new target protein unnecessarily throughout the plant (Anami et al. 2013 ). This particularly is of a major concern when expression of desired traits, as a part of biofortification of the host plant, are sought to be directed to edible parts of the plant (Naqvi et al. 2009 ). To achieve this, the expression of the transgenes could be regulated at the spatial and temporal level using space (tissue)-specific or time-specific (temporal) promoters. Though use of tissue-specific promoters such as rice glutelin promoter have been reported to be used in rice transformation experiments, such promoters are very few to be used in rice (Vasconcelosa et al. 2003; Takagi et al. 2008) . Here, we report isolation and characterization of a maize α-zein promoter that drives an endosperm-specific expression of GUS (β-glucuronidase) reporter gene in rice and the promoter could prove an alternative to the existing endosperm-specific promoters (Stoger et al. 2005) used in most cereal transformation initiatives.
Zeins, the prolamin protein of maize are a family of ethanol soluble proteins found in the maize endosperm. They are synthesized by the membrane-bound polyribosome and get deposited as protein bodies in the endoplasmic reticulum. Synthesis of zeins starts 10-12 days after pollination and continues throughout seed development (Shotwell and Larkins 1989) . Zeins are divided into four groups based on their molecular weight namely, α-, β-, γ-and δ-zeins respectively (Coleman and Larkins 1999; Leite et al. 1999) . Among different groups, α-zein constitutes the major group and is encoded by more than 65 genes. On the other hand the other classes of zeins are encoded by genes present in few copies (Ueda et al. 1992) . The α-zein encoded by large multigene family was further divided into four subfamilies based on the sequence homology as z1A, z1B, z1C and z1D. The 22 kDa α-zein protein is encoded by z1C gene subfamily and the 19 kDa by z1A, z1B and z1D (Miclaus et al. 2011) ). The isolation and characterization of the zein genes began in the early 1980s and still goes on. As a result, many zein gene sequences have been deposited in the GenBank database. Though different zein genes has been expressed in several crops like sunflower (Matzke et al. 1984 and Goldsbrough et al. 1986 ), rice suspension, rice and tobacco protoplast (Dekeyser et al. 1989) , Petunia (Williamson et al. 1988) , maize (Coleman et al. 1997; Russell and Fromm 1997; Kanobe et al. 2013) , tobacco (Schernthaner et al. 1988; Coleman et al. 1996 Coleman et al. , 2004 Bagga et al. 1995 Bagga et al. , 1997 Hua et al. 1996; Hoffman et al. 1987) , its expression in rice plant was not studied yet. Here we have made an attempt to study the tissue-specific expression of maize 22 kDa α-zein gene's promoter in rice for the first time.
In the present study, the 22 kDa α-zein gene's promoter was isolated from maize and fused with the gusA reporter gene. The alpha zein-gusA fusion construct was genetically engineered into rice via particle bombardment-mediated method. Molecular and biochemical analyses of the transformants were carried out to confirm the endospermspecific expression of zein promoter.
Materials and methods

Promoter isolation
Maize (Zea mays L.) genomic DNA was isolated from maize tissues by CTAB method. The upstream of α-zein gene was amplified using the sequence specific primers, A22F: 5′ CGCAGATCCACTATAATGC 3′ and A22R: 5′ CTATGT TGCTAGTTGGTCTC 3′. The amplified fragment was cloned into the T/A vector pTZ57R/T (Fermentas, USA) and sequenced. The sequence was analyzed using NCBI BLAST (Altschul et al. 1990 ) to identify related sequences available from the GenBank databases. Multiple sequence alignments were made using CLUSTAL X (1.8). The putative cis elements that involved in the regulation of endosperm-specific expression of the putative promoters were investigated using the PLACE database (Higo et al. 1999) .
Transgene construction
The promoter of α-zein gene was fused with the gusA reporter gene coding for the β-glucuronidase (GUS) enzyme in the vector, pCAMBIA 1391Z (CAMBIA, Australia) between BamHI and EcoRI restriction sites ( Fig. 1 ). This construct was designated as PCVZ-3. The above vector harbours hygromycin phospho transferase (hpt) as plant selectable marker gene.
Rice transformation
Rice transformation was carried out as described by Potrykus et al. (1979) . Immature embryos of rice cultivars, ASD16 and IR64 were isolated and pre-cultured on CC medium for 2 days. Pre-cultured immature embryos were transferred to CC osmoticum medium (containing 36.4 g −1 l of each mannitol and sorbitol) 4 h prior to bombardment. Immature embryos were bombarded twice with gold coated plasmid DNA (following the manufacturer's instruction) using the Gene gun PDS1000/He (Biorad, USA) at 4 h interval. After 4 h of post-treatment on CC osmoticum medium, the bombarded embryos were transferred onto CC medium and incubated in dark. After 2 days of resting, the transformed cells were subjected to selection on CC selection medium containing 30 mg −1 l hygromycin.
After two rounds of selection, the transformed calli were transferred onto CC regeneration media (CC medium devoid of 2,4-D) for shoot regeneration and incubated under light for 16 h in a plant growth chamber. The regenerated shoots were transferred onto half strength MS medium for rooting. The fully grown plants were then transferred to soil and maintained in transgenic greenhouse under controlled condition for growth.
PCR analysis
Total genomic DNA was isolated from rice leaf tissue as described by Dellaporta et al. (1983) . PCR amplification of zein, gusA, hygromycin and zein-gusA junction sequence was carried out using sequence specific primers A22F: CGCAGA TCCACTATAATGC, A22R: CTATGTTGCTAGTTGGTC TC; GUS1F: CAACGAACTGAACTGGCAGA, GUS1R: TTTTTGTCACGCGCTATCAG; HPTF: GCTGTTATGC GGCCATTGGTC, HPTR: GACGTCTGT CGAGAAGT TTG and Z-INTF: ACACCTAGGGAAGCGCACTA, G-INTR: TCTGCCAGTTCAGTTCGTTG respectively.
Southern blot hybridization
Approximately 10 μg of genomic DNA from each sample was digested with the EcoRI, separated on 0.8 % agarose gel and transferred onto a nylon membrane. An internal fragment (PCR amplified) of 878 bp of gusA gene was radioactively labeled using random primer labeling kit (Fermentas, Germany). The radio-labeled probe was purified using probe quant kit G-59 (GE healthcare, USA) following the manufacturers protocol. Purified PCR radiolabeled probe comprising the gusA reporter gene region was used for Southern blot hybridization.
GUS analysis
Histochemical GUS assay was conducted as described by Jefferson (1987) . The tissues were incubated overnight at 37°C in an X-Gluc solution, containing 100 mM sodium phosphate, 1 mM K 3 Fe(CN) 6 ,1 mM K 4 Fe(CN) 6 , 10 mM EDTA, 2 mM 5-bromo-4-chloro-3-indolyl-β-D-glucuronic acid cyclohexylammonium salt, 0.1 % Triton X-100 and methanol. After staining, explants were soaked in 70 % ethanol for bleaching. Assayed tissues were observed under a microscope and then photographed. GUS expression was studied in different parts of the transgenic plants and the expression was compared with the constitutive expression of GUS using a transgenic rice line (which was generated in our lab in another experiment) harburing gusA gene driven by CaMV35S promoter.
Histological analysis
The thin sections of GUS stained rice seeds were prepared and the sections were soaked in 70 % ethanol for bleaching. Sections were washed, covered with glycerol and examined microscopically.
Results
Isolation and characterization of 22 kDA α-zein promoter
The 1,098 bp fragment falling to the immediate upstream of ATG of the 22 kDA α-zein gene was isolated from maize genomic DNA (cv. UMI 29) and sequenced. Pairwise alignment with homologous sequences from GenBank revealed 99 % identity with the putative promoter sequence. This ensured the correctness and intactness of the cloned fragment. The 1,098 bp fragent contained transcriptional start site at 1,027 and 68 bp 5′ UTR region. Cis element analysis revealed the presence of basic transcriptional elements such as TATA box. Besides, the occurrence of characteristic endospermspecific regulatory motifs such as prolamin box and opaque-2 were on expected lines. The cis motifs that fall within the cloned region are summarized in Table 1 . The cloned sequence contained the necessary transcriptional elements of zein promoter and 68 bp of the 5′ UTR for expression.
Transfer of α-zein promoter-driven gusA gene into rice and confirmation of T 0 transgenic rice plants
To study the tissue specificity of α-zein promoter, pCVZ-3 plasmid harbouring gusA gene driven by α-zein promoter and hpt as selectable marker gene was used to transform rice cultivar ASD16 and IR64 by particle bombardment method. Thirty seven events from ASD16 and five events from IR64 were regenerated and transferred to green house. All the transgenic events were morphologically similar to untransformed rice plants and produced fertile flowers. The presence of zein promoter, gusA and hpt gene sequences in the putative transgenic plants was analyzed. PCR amplification of zein promoter produced a 1,098 bp amplicon while gusA and hpt gene produced expected size of 878 and 630 bp amplicons respectively in all the transgenic events, while in the non-transformed ASD16 and IR64 no amplicon was found. PCR amplification of zein-gusA junction Opaque2box  TCCACATAGA  AMYBOX  TATCCAT  CAATBOX  CAAT  TATABOX  TATAAAT sequence, which was carried out to confirm the integrity of the expression cassette in the T 0 plants, resulted in the amplification of a fragment of expected size (875 bp) in five transgenic events subjected to analysis, while no amplicon was seen in the non-transformed ASD16 and IR64 controls (results not shown). In GUS assay, 19 out of 37 events of ASD16 and two out of five events of IR64 exhibted endosperm-specific GUS expression. No GUS expression was observed in the rest of the 18 ASD and 3 IR64 events. Histological section of X-Gluc stained matured rice seeds revealed that the zein promoter expression was specific to the starch cells with very mild expression in the aleurone layer of the endosperm and not to the pericarp or outer layers of the rice seed (Fig. 2) .
GUS expression in different parts of transgenic plants
A transgenic homozygous line harbouring gusA gene driven by CaMV35S promoter was used as control. GUS expression was checked in different plant parts from alpha zein-gusA and CaMV35S-gusA transformed plants. In all the 21 events of α-zein-gusA transformed plants, no GUS expression was observed in leaf, leaf sheath, ligules, auricle, glumes, pollen, stigma, embryo, root (Fig. 3) , early broom stage (4-10 DAF) of seed development and blue staining was observed only in the endosperm tissue at milky (14-15 DAF), soft dough (17-18 DAF), hard dough (20-23 DAF), and mature stage (28-30 DAF; Fig. 4 ). All the plant parts assayed showed GUS expression in CaMV35S-gus plants (Figs. 3 and 4) .
Transgene inheritance
To study the stable inheritance of transgene in subsequent generations, five seeds from JB-ASD16-11 event were subjected to GUS assay and PCR analysis. In GUS assay, performed on a part of the seed (devoid of embryo), expression was observed in four out of five seeds. On germination of remaining part of the seed with embryo, four out of five seeds germinated and three (JB-ASD16-11/1, 11/2, 11/5) were found to be PCR positive for transgene (zein-gusA junction sequence) in PCR analysis. Southern blot hybridization Fig. 2 Histological analysis of X-Gluc stained matured transgenic rice seed expressing zein promoter driven-gusA gene analysis was carried out in the three T 1 progenies of event-11 (JB-ASD16-11/1, 11/3, 11/5). PCR positive JB-ASD16-11/2 event produced crooked plant; hence sufficient amount of DNA needed for southern blot hybridization could not be isolated. In Southern blot hybridization analysis of the three T 1 progenies of event-11 (JB-ASD16-11/1, 11/3, 11/5), two progenies (JB-ASD16-11/1 and JB-ASD16-11/5) showed hybridization signal (Fig. 5) . In T 2 generation, the segregation of the transgene was studied in two progenies of an event, JB-ASD16-11/1 and JB-ASD16-11/2. Out of 20 seeds screened, 17 and 12 seeds from JB-ASD16-11/1 and JB-ASD16-11/2 were found to be positive in GUS expression analysis.
Discussion
Zein constitutes a major portion of maize kernel protein and is of prolamine type of storage proteins with four major classes namely γ-zein (27 and 16 kDa), α-zein (22 and 19 kDa), β-zein (14 kDa) and δ-zein (10 kDa). The 19 and 22 kDa, α-zein together constitutes 75-85 % of total zein fraction (Shewry and Tatham 1997) . In this paper, we have shown that the 22 kDa maize alpha zein promoter is specifically active in the endosperm tissue of transgenic rice plants.
The isolated 1,098 bp fragment of the α-zein gene contained 68 bp of the 5′ UTR and endosperm-specific essential motifs like prolamin box (P-box; 5′-TGTAAAG-3′), opaque-2 box (O2 box; 5′-TCCACATAGA-3′), CAAT box and TATA box that are involved in the regulation of endosperm-specific expression. The interaction between ciselements in the 5′-flanking regions of seed storage protein genes and seed-specific trans-acting factors regulates the seed-specific expression in these promoters (Bustos et al. 1991 and Chandrasekharan et al. 2003) . The interaction between the prolamin box (P-box, AAAG, or CTTT) and endosperm-specific transcription factors, such as zinc-finger protein and the basic leucine zipper (bZIP) transcriptional activator, coordinate the activation of zein gene expression during endosperm development stage (Vicente-Carbajosa et al. 1997) . The P-box (5′-TGTAAAG-3′) was identified at −266 region relative to the transcription start site and lies just 22 nucleotides upstream of the binding site for O2. Schmidt et al. (1992) suggested that O2 may interact with factors binding the P-box to activate 22-kDa zein gene expression. It was reported that 7 bp P-box sequence was common in cereals like oats (Shotwell et al. 1990 ), wheat (Colot et al. 1987) , barley (Marris et al. 1988) , and sorghum (DeRose et al. 1989) and plays a key role in regulating the endospermspecific expression.
Reporter genes help in analyzing the tissue-specific expression of promoters and among the different reporter gene systems, gusA gene was widely used because of its sensitivity and simplicity. The reporter gene, gusA was placed under the control of the α-zein promoter and attempts were made to demonstrate the endosperm-specific activity of the α-zein promoter by transforming rice with zein-gusA construct. The GUS activity driven by α-zein promoter was first detected in seed endosperm at 14 DAF (milky stage) and continued till seed maturity (30 DAF). This was similar to the onset of zein synthesis (from 12 DAF) in maize endosperm (Larkins et al. 1984) and therefore, both the temporal specificity and tissue specificity of zein promoter in heterologous system resembles the activity of zein promoters in maize.
Constitutive expression and endosperm-specific expression was compared to demonstrate the spatial specificity of α-zein promoter. Strong GUS expression was observed in all the plant parts such as leaf, leaf sheath, ligule, glumes, pollen, stigma, roots and different stages of seed development till maturity in a homozygous CaMV35S-gus line while in 21 zein-gusA lines the GUS expression was observed only in the endosperm of seeds and not in other plant parts. In zeingusA lines GUS accumulation began from 14 DAF (milky stage) and continued till maturity (30 DAF) coinciding with the zein synthesis in the endosperm tissue. Due to increased accumulation of beta-glucuronidase with time in the seed endosperm, the intensity of the blue colour in GUS assay increased. Russell and Fromm (1997) found that the ZmZ27 (γ-zein) gene expression was constantly increasing from 14 to 26 DAF in transgenic maize seeds which was consistent to the endogenous γ-zein mRNA levels (Prioul et al. 1994 and Pe'rez-Grau et al. 1986 ).
The histological analysis of GUS stained matured seed sections revealed that the GUS expression was localized only to the starch and aleurone cells of the seed endosperm portion and not in the pericarp and endothelium cells. In an earlier report, Schernthaner et al. (1988) expressed maize 23 kDa zein promoter in dicot plant and were able to observe endospermspecific GUS expression in tobacco seeds. Recently it was found that in addition to zein strong expression in the endosperm starch cells, it was also active in the aleurone layer (Reyes et al. 2011) . GUS analysis study in T 1 and T 2 transgenic rice seeds showed stable inheritance and expression of α-zein promoter over generations. Stable integration and inheritance was further demonstrated by Southern blot analysis which detected two sites of transgene integration in the event JB-ASD-16/11. These results suggest that the 1,098 bp fragment of the zein gene is sufficient to drive stable endospermspecific GUS expression in monocots.
Tissue-specific expression of seed protein genes from legumes (Beachy et al. 1985; Sengupta-Gopalan et al. 1985; Chen et al. 1986; Okamuro et al. 1986 ), wheat (Colot et al. 1987) , Rice (Wu et al. 1998; Patti et al. 2012 ) and maize (Schernthaner et al. 1988; Russell and Fromm 1997) have been shown previously. The zein promoter consisting 933 bp of 23 kDa zein gene and 1,100 bp of 27 kDa zein gene was expressed in tobacco (Schernthaner et al. 1988 ) and maize (Russell and Fromm 1997) and endosperm-specific expression was achieved by them. But in 3.1 kb zein4 transformed sunflower cells, the 3.1 kb zein4 gene fragment was transcribed but no functional zein protein was detected (Matzke et al. 1984) . The expression of zein promoter in protoplast cells was much weak and in rice protoplast, the expression of 700 bp zein4 was 100 fold less compared to 2′ octopine promoter (Dekeyser et al. 1989) .
Until now, glutelin promoter was widely used for the endosperm-specific expression of foreign genes in rice, especially in plant molecular pharming and biofortification programmes (Vasconcelosa et al. 2003; Takagi et al. 2008) . For the first time we report the stable and tissue-specific expression of maize alpha zein promoter in rice. As an alternative to rice glutellin promoter, maize alpha zein promoter can be successfully used for endosperm-specific expression in rice transformation experiments. Our results suggest that the 1,098 bp promoter of zein gene (containing P-box, which contains a highly conserved endosperm or E motif (Shewry and Halford 2002) sequence TGTAAAGT, opaque-2 box (O'Shea et al. 1989) and TATA box) is sufficient for driving the endosperm-specific expression of cloned genes and can be used for expression of foreign genes that demands specificity in plant transformation experiments. Further results are suggestive that this α-zein promoter could prove to be a good alternative to the traditional/constitutive promoter for driving an endospermspecific expression of transgene in rice and possibly in other cereals too at least in the experimental attempts to achieve an endosperm-specific expression with a view to avoiding a yield penalty.
